Purpose Hematopoietic stem cell transplantation (HCT) is potentially curative for a number of hematologic malignancies, but is associated with high symptom burden. We conducted a randomized sham-controlled trial (RCT) to evaluate efficacy and safety of acupuncture as an integrative treatment for managing common symptoms during HCT. Methods Adult patients with multiple myeloma undergoing high-dose melphalan followed by autologous HCT (AHCT) were randomized to receive either true or sham acupuncture once daily for 5 days starting the day after chemotherapy. Patients and clinical evaluators, but not acupuncturists, were blinded to group assignment. Symptom burden, the primary outcome was assessed with the MD Anderson Symptom Inventory (MDASI) at baseline, during transplantation, and at 15 and 30 days post transplantation.
Introduction
Hematopoietic stem cell transplantation (HCT) is a potentially curative treatment and standard of care for a number of hematological malignancies [1] . Of over 15,000 allogeneic transplantations performed annually worldwide, nearly half are for acute leukemias, whereas in over 30,000 autologous transplantations, two-thirds are used to treat multiple myeloma or non-Hodgkin's lymphoma [2, 3] . HCT is often preceded by high-dose myeloablative conditioning chemotherapy, which causes significant acute side effects including pain from mucositis, poor appetite, fatigue, disturbed sleep, nausea, vomiting, and diarrhea. Symptoms are usually mild at baseline, intensify during conditioning chemotherapy, peak at the nadir of blood counts, and decrease by 30 days posttransplant [4] [5] [6] . These symptoms significantly hinder patient quality of life [7] [8] [9] .
The current management of symptoms is mainly pharmacologic, with the use of analgesics, antiemetics, anxiolytics, and hypnotics. If used for prolonged periods, these medications in turn have detrimental side effects such as constipation, drowsiness, fatigue, and addiction. Investigation of other treatment options is therefore warranted.
Acupuncture is a complementary medicine modality that involves the insertion of needles into certain points on the body and their subsequent stimulation by manual manipulation, electrical pulse, or heat [10] . Neuroscience research suggests the effects of acupuncture are mediated via modulation of nervous system activities [11] [12] [13] [14] . A Cochrane review of 11 randomized controlled trials (RCTs) concluded that acupuncture helps reduce chemotherapy-induced nausea and vomiting [15] . The Bdose^of acupuncture varies among the studies. In one of the largest studies of breast cancer patients (N = 104), acupuncture was usually given at the PC-6 point once daily for 5 days after chemotherapy [16] . In a more recent study of 103 gynecological cancer patients for delayed nausea and vomiting, acupuncture was given at the PC-6 point once before chemotherapy and once the day after [17] . Systematic reviews of RCTs also support its analgesic effects [18, 19] . Further, acupuncture may be beneficial in the management of hot flashes, xerostomia, or fatigue [20] [21] [22] [23] .
Given the high prevalence of multiple symptoms associated with conditioning chemotherapy in HCT patients and the limitations of current pharmacological symptom management strategies and indications, acupuncture may have the potential to be part of a multimodality transplantation care plan by targeting multiple symptoms. To our knowledge, no acupuncture trial has been conducted in the HCT population. Therefore, we conducted an RCT to generate preliminary data regarding the efficacy and safety of acupuncture in reducing symptoms in multiple myeloma patients undergoing autologous HCT. In addition, we compared results from our trial with historical data [8] to estimate the overall magnitude of benefit with acupuncture for patients undergoing HCT. Further, we explored the specific symptoms for which true acupuncture was the most efficacious relative to sham acupuncture control. The primary objective was to obtain preliminary evidence as to whether acupuncture reduces common symptoms experienced by patients undergoing conditioning chemotherapy and hematopoietic stem cell transplantation. Secondary objectives were to assess the effect size for each symptom, the subpopulation which would be more likely to respond to the intervention, the sample size for a future definitive efficacy study, and to explore correlations between reduction of symptoms and reduction of inflammation biomarkers, and whether acupuncture may reduce the use of symptom control medications or quality of sleep (reported separately).
Methods

Study design
We conducted a prospective, parallel randomized, sham-controlled, and subject-and evaluator-blinded acupuncture trial between May 2013 and January 2016 at Memorial Sloan Kettering (MSK) Cancer Center, an academic cancer center in an urban setting. The research protocol was approved by the Institutional Review Board at MSK and registered at clinicaltrials.gov before subject enrollment. The trial was registered at www.clinicaltrials.gov as #NCT01811862.
Study subjects
Multiple myeloma patients who were scheduled for autologous HCT at MSK were screened for eligibility and approached for written informed consent when eligible. Patients met the criteria for enrollment if they were age 21 or older with a diagnosis of multiple myeloma and scheduled to receive high-dose melphalan conditioning chemotherapy followed by autologous peripheral blood HCT. Exclusion criteria were absolute neutrophil count (ANC) less than 200/ μl, platelet count less than 20,000/μl, and acupuncture treatment in the preceding 4 weeks prior to day 1.
Randomization
MSK's Clinical Research Database system (an institutionwide computer system used to achieve allocation concealment in all randomized trials in the cancer center) was used to randomize patients to receive either true or sham acupuncture, stratified by whether they were receiving inpatient or outpatient chemotherapy using blocks of randomly permuted length. Only the treating acupuncturist was informed of the allocation of a patient to a group after randomization by the system.
Intervention
Study subjects received conditioning chemotherapy on day − 2 and stem cell infusion on day 0. Either true or sham acupuncture started on day − 1 and treatments were delivered on the same schedule in both arms. The interventions continued for a total of 5 days (when patients start to become neutropenic) or until ANC dropped below 200/μl or platelet count dropped below 20,000/μl, whichever was sooner. Regardless of group assignment, every patient received the same usual pretransplantation and posttransplantation care that other patients undergoing conditioning chemotherapy in preparation for HCT received at MSK.
Licensed acupuncturists on MSK staff provided acupuncture treatments once daily in the patient's hospital room for inpatient transplantation, or at the clinic for outpatient transplantation. Each treatment was 20 min in duration. After reviewing the literature of previous studies and by consensus among the acupuncturists, the following acupuncture points were selected: GV20, Ex-HN3, HT7, PC6, ST36, SP6, KI3, LR3, and Ear Shen Men. Acupuncture needles (36 gauge × 40 mm length and 40 gauge × 30 mm length) manufactured by Seirin Corporation (Shizuoka, Japan) were used. No electric stimulation or heat was applied to the needles.
Sham acupuncture was delivered using a validated method as previously reported [24, 25] , and the frequency and duration was identical to that of the true acupuncture group except without needle insertion into the skin. The acupuncturist tapped an empty plastic acupuncture needle guide tube on the bony area next to each acupuncture point to produce some discernible sensation, and then taped a needle with a piece of adhesive tape to the dermal surface for 20 min. In both groups, the patients' eyes were covered with patches so they could not view the treatment procedure.
Evaluation
The primary outcome was symptom burden as measured by the MD Anderson Symptom Inventory (MDASI) [26] , a multi-symptom patient-reported outcome measure for clinical and research use. It has been validated in multiple myeloma and HCT patients [27] . The MDASI's 13 core symptom items include those that have been found to have the highest frequency and/or severity in patients with various cancers and treatment types. A component score for the MDASI symptom severity scale is obtained by taking the average of the 13 items together. The MDASI also contains 6 items measuring interference of daily activities by symptoms.
Baseline assessment was obtained within 1 to 2 weeks before conditioning chemotherapy. The MDASI was then assessed daily from day − 2 to day 5 (stem cell infusion was at day 0), at the first posttransplantation follow-up visit around day 15, and at the second follow-up visit around day 30.
The use of four classes of medications (both name and total daily dosage of each drug in the categories of analgesics, antiemetics, anxiolytics, and hypnotics) was recorded at baseline and on days 5, 15, and 30. Adverse events were monitored daily, when patients were hospitalized or visiting the clinic, and during the first and second follow-up visits.
Masking Trial participants were blinded to treatment allocation. Study outcomes were collected by research assistants and laboratory personnel who were blinded to group assignment. Biostatisticians were also blinded to group assignment. Only the acupuncturists were aware of a patient's group assignment. Effectiveness of blinding was assessed by asking patients to guess to which group they were assigned.
Data analyses
Patients were considered evaluable if they provided both baseline and day 5 assessments. Patient data was analyzed according to randomization allocation regardless of the number of treatments received. All analyses were performed using Stata 13 (StataCorp, College Station, TX).
The primary comparison was the mean daily scores of MDASI total symptom scores and interference scores between the true and sham acupuncture groups. MDASI results during the peri-transplant period were calculated by plotting MDASI scores between days 0 and + 5 and calculating the area underneath this curve across all 6 days during transplant. This area was then divided by 6 to be comparable to the daily scores. MDASI scores were also assessed as the average scores on the day of first and second follow-up.
To assess whether there was a difference between treatment arms, we used analysis of covariance (ANCOVA) models adjusted for baseline MDASI score and type of chemotherapy (inpatient vs outpatient), as this was used to stratify randomization. To determine whether baseline characteristics predicted response to acupuncture, we added terms to the ANCOVA model to identify interactions between treatment arm and age, type of chemotherapy, and baseline MDASI score. To compare MDASI scores in the acupuncture groups with historical control in a post hoc analysis, we calculated the 95% confidence intervals (95% CIs) at each time point and obtained P values by t test.
To assess the change in medication use from baseline to day 5, we compared the total dosage of every drug in the four categories of medications (analgesics, antiemetics, anxiolytics, and hypnotics) and rated use of medications as (1) Bdecreased from baseline,^(2) Bstayed the same from baseline,^or (3) Bincreased from baseline.^Both the number of medications and the dosages were taken into consideration. We then used ordinal regression for each of the four categories of medication with baseline use (some vs none) and inpatient chemotherapy as covariates to calculate the odds ratio (OR) of each scenario.
Power considerations
The study was powered to estimate the effect size of acupuncture. For a study with 30 patients in each of two groups, a continuous outcome measure, the standard error for the difference between groups will be close to 0.25 standard deviations of the outcome. We predicted that the observed standard error would be around 0.23 due to the inclusion of a predictive baseline covariate in the analysis. We decided to declare acupuncture worthy of further study if a one-sided 90% CI included a standardized difference of at least 0.5.
Results
The flow of study participants through the trial is shown in the CONSORT chart (Fig. 1) . Of 63 patients who were randomized, 2 withdrew consent prior to receiving the true acupuncture intervention and 1 withdrew after receiving the sham acupuncture intervention without providing the primary endpoint. Of 60 evaluable patients, 29 were from the true acupuncture group and 31 from the sham acupuncture group. Patient characteristics in the 2 groups were well matched ( Table 1) .
Symptom changes during HCT between groups
Comparison of MDASI overall scores between groups is shown in Table 2 . Overall symptom scores were lower in the true acupuncture group, but between-group differences did not reach statistical significance for either MDASI symptom or symptom interference scores ( Table 2 ). The 95% CI of the reduction included a standardized difference of at least 0.5 ( Table 2 , Column B95% CI^), meeting an a priori criterion that deemed acupuncture worthy of further study. Individual symptoms that were reduced more significantly in the true acupuncture group were nausea, lack of appetite, and drowsiness at first follow-up (all P < .05, Table 3 ). There were no significant differences between groups in other symptoms.
A subgroup analysis by type of chemotherapy found evidence that reduction of symptoms were more prominent among patients receiving inpatient chemotherapy (Table 4) .
Time course of changes in MDASI symptom scores for patients treated with true or sham acupuncture are shown in Fig. 2 . In both groups, the symptoms curves (the component score of core symptoms) stayed relatively flat and closer to baseline, rather than the crescendo-decrescendo course that is normally expected, but with the true acupuncture group having less severe symptoms. Peak of symptom burden at nadir is a well documented phenomenon in HCT patients. With this surprising finding, we conducted a post hoc analysis comparing data in this trial to historical controls in order to estimate how much the reduction of symptoms could be. A time course curve derived from a previous non-intervention prospective study is included in Fig. 2 to show the blood-count-nadirrelated high symptom burden during HCT. At day 5, when symptoms are expected to be the worst, the MDASI core symptoms score was 3.50 (SD 1.42, 95% CI 3.03 to 3.97) in the historical data, whereas it was 1.38 (SD 1.66, 95% CI 0.75 to 2.01) in the true acupuncture group of this study (P < .0001). The differences between true acupuncture and historical control were highly significant (P < .001 for all time points from day 0 onward), whereas the difference between sham acupuncture and historical control was only highly significant for day 5 (P < .001) and moderately significant for day 0 (P = .04).
Safety of acupuncture
Acupuncture was well tolerated. There were no significant differences in incidence of adverse events related to acupuncture between the two groups (Online Resource 1a, b). Two patients in the sham acupuncture group were admitted to the intensive care unit (ICU) for events judged unrelated to the sham procedure. No patients in the true acupuncture group were admitted to the ICU.
Medication use by groups
We investigated the effect of acupuncture on the use of analgesic, antiemetic, anxiolytic, and hypnotic medications at day 5 using ordinal logistic regression. We found that patients receiving true acupuncture were more likely to have decreased analgesic use or to have kept analgesic use the same compared with sham patients (Online Resource 2). To investigate this association further, we created a logistic regression model for the outcome of increasing analgesic medication use from baseline to day 5, adjusting for baseline analgesic use and type of chemotherapy. Patients in the sham acupuncture group had greater than five times the odds of increasing analgesic medications from baseline compared with those in the true acupuncture group (OR 5.31, 95% CI 1.35 to 20.93, P = .017).
Masking
Subject guesses as to treatment allocation at the post-study debriefing are shown in Online Resource 3. Credibility scores were very similar in each group (P > .9), suggesting that blinding was maintained. Regardless of the group to which patients were randomized, participants guessed that they were in the true or sham acupuncture group in roughly equal frequencies.
Discussion
HCT is associated with heavy symptom burden, compromising patient quality of life, and can lead to posttransplantation complications. With current standard peri-transplantation care, symptom burden rises shortly after conditioning chemotherapy, peaks at nadir, and gradually recovers over the next Models were adjusted for baseline score and type of chemotherapy. Data are presented as mean (SD) and adjusted mean difference with 95% CI 30 days [4] [5] [6] 9] . Pharmacologic interventions are the mainstay of current symptom management plans. Other therapeutic interventions need to be investigated. In this RCT, we examined the role of acupuncture as an integrative treatment to help manage symptoms in HCT patients. The study was powered to estimate the effect size of acupuncture, not to definitively prove the efficacy of acupuncture by rejecting a null hypothesis. We found there was an overall nonsignificant trend indicating that true acupuncture reduced symptoms more than sham acupuncture. However, there were significant improvements in nausea, appetite change, and drowsiness, as well as reduced pain medication use. Acupuncture was safe with few attributable adverse events. Our findings suggest that acupuncture has the potential to help manage certain symptoms in patients undergoing HCT.
Although the finding of lower overall symptom scores with true acupuncture did not reach statistical significance, it did meet a predefined criterion that deemed acupuncture worthy of further investigation (Table 2) . There are three possible reasons for this finding: (1) the sample size of the study was too small (the study was powered to estimate the effect size), (2) there was no difference between true and sham acupuncture in reducing overall symptom burden, or (3) signals were diluted from symptoms not responsive to the specific needling of acupuncture. MDASI is a composite of 13 core symptoms. For acupuncture to reduce the MDASI overall score significantly, it needs to either consistently reduce many symptoms to a modest degree or reduce a few symptoms to a large degree.
To explore which symptoms were reduced the most from acupuncture treatment, we investigated specific symptoms and found that true acupuncture reduced nausea, lack of appetite, and drowsiness more than sham acupuncture at 2 weeks post-HCT. Although pain scores were similar between the two groups, patients receiving true acupuncture used significantly less pain medication. At nadir, patients receiving sham acupuncture were five times more likely to increase the use of pain medications from baseline. This is the first time that acupuncture has been reported to have significantly reduced nausea and pain in HCT patients. Improvement in lack of appetite, one of the major symptom burdens in HCT, is not a well-known effect of acupuncture and may be related to reduction of nausea in this setting. Reduction of nausea and poor appetite can improve patient's nutritional status, aiding in their recovery from HCT. Reduction of drowsiness, another major symptom burden in these patients, is an interesting new finding that deserves further investigation. Clinically, it is also plausible that a reduction in the use of pain medications, which are often opioids, helps relieve patients' symptoms of nausea, lack of appetite, and drowsiness. The time course of post-HCT symptoms is well established [9] . It follows a crescendo-decrescendo course, peaking at nadir [4] [5] [6] 28] . One of the challenges in post-HCT care is to Bflatten the symptom curve.^A recently published RCT shows that palliative care can reduce symptom burden at 2 weeks (14 days) after admission for HCT, although the symptom burden was still above baseline (see Fig. 2 D of that publication) [28] . In our study, we observed such a flattening of the curve. Patients reported symptom burdens similar to baseline throughout the post-HCT course. Differences between the true acupuncture group and historical control in post-HCT symptoms were highly significant. As comparison between a trial and historical data is problematic because usual care patterns may not be exactly the same, our observation needs to be verified in an RCT where one group of patients receives only the usual standard post-HCT care.
Our study has several limitations. First, we had a small sample size to explore for efficacy. To verify these preliminary findings, a larger trial with more power needs to be conducted. Second, it did not include a usual-care control group. The lack of peak symptom burden at nadir that was seen in this study could be from either acupuncture or better post-HCT supportive care in the particular clinical setting in which this study was conducted. Third, we examined several secondary outcomes and raised the possibility of false discovery. These secondary findings need to be interpreted cautiously and require further verification. Lastly, we did not include allogeneic HCT patients, limiting the study's generalizability.
Despite these limitations, to our knowledge, this is the first trial examining acupuncture as an integrative approach for reducing multiple symptoms in the HCT setting. The strengths of our study include a randomized sham-controlled design, adequate blinding of patients to assignment of true or sham acupuncture, a good retention rate with few patients lost to follow-up, and evaluation of both short-and long-term effects (up to 30 days post-HCT).
Conclusion
In summary, we found that true acupuncture treatment, when integrated into the care of patients receiving autologous HCT, appears to be safe and leads to less severe symptoms of nausea, lack of appetite, and drowsiness than sham acupuncture. In addition, true acupuncture was associated with less use of pain medications. Patients receiving acupuncture did not experience peak symptom burden at post-HCT nadir. Future research with an adequate sample size that targets the specific symptoms and pain medication use identified by our study may help establish evidence for acupuncture as a part of HCT comprehensive care. If acupuncture can be shown to be effective in improving peri-or post-HCT care, patients will benefit from expanded treatment options during the difficult period of transplantation.
Authors' contributions We would like to thank Yi Chan, Matthew Weitzman, Theresa Affuso (acupuncturists); Khaula Malik, Kelsi Clement, Jeremy Taylor, Mollie McMahon, Janice DeRito (research study assistants); and Andrew Vickers, PhD (biostatistician) for their work in this study, which was supported by funding from the NIH/NCI Cancer Center Support Grant P30 CA008748. In addition, we thank IH and CS for their help in the preparation and submission of this manuscript, which was also supported by funding from NIH/NCI Cancer Center Support Grant P30 CA008748.
Funding The study was funded by a grant from the Gateway for Cancer Research, and the MSK Integrative Medicine and Translational Research Grant. We also received support from the National Institutes of Health/ National Cancer Institute (NIH/NCI) Cancer Center Support Grant P30 CA008748, the AC Israel Foundation, and the Byrne Fund.
Compliance with ethical standards This study was approved by the Institutional Review Board (IRB) at Memorial Sloan Kettering Cancer Center. All procedures performed were in accordance with the ethical standards of the institutional research committee. Informed consent Informed consent was obtained from all individual participants included in the study.
